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ABSTRACT 

Malaria remained a major public health challenge in Nigeria, contributing to high rates of morbidity and 
mortality, particularly among vulnerable groups like children and pregnant women. The transmission of malaria is 
heavily influenced by climate and environmental factors such as temperature, rainfall, humidity, land use, and 
ecological changes, which affect the lifecycle of the malaria parasite (Plasmodium spp.) and its mosquito vector 
(Anopheles species). This review explored how these climatic and environmental factors impacted malaria 
transmission dynamics across Nigeria’s diverse regions. It also examined the challenges posed by climate 
variability, inadequate infrastructure, and the emergence of resistance to insecticides and antimalarials, while 
highlighting the potential of integrated vector management, climate-smart strategies, and community engagement 
in mitigating these impacts. The methodology used involved a comprehensive review and synthesis of relevant 
literature and data sources, including peer-reviewed Journals, government reports, and global health organization 
publications. Understanding the intricate relationships between these factors and malaria transmission was crucial 
for developing adaptive strategies to reduce the burden of malaria in Nigeria, particularly in the face of ongoing 
environmental and climatic changes. 
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INTRODUCTION 
Malaria is a significant public health issue in Environmental factors, including land use changes, 
Nigeria, where it remains one of the leading causes deforestation, urbanization, and agricultural 
of morbidity and mortality, particularly among practices, further complicate malaria transmission 
vulnerable populations such as children under five dynamics. Human activities that alter the 
and pregnant women[1, 2]. The transmission of environment, such as the creation of water bodies for 
malaria is influenced by a variety of factors, with irrigation or poorly planned urban expansion, often 
climate and environmental conditions playing a increase mosquito breeding sites, thus enhancing the 
crucial role[3, 4]. Understanding the relationship potential for malaria transmission[/7 ]. Additionally, 
between these factors and malaria transmission is ecological changes driven by climate change may 
vital for developing effective control and prevention alter the distribution and behavior of mosquito 
strategies in the country. Climate factors such as populations, potentially leading to increased malaria 
temperature, rainfall, and humidity directly impact risk in areas previously considered low-risk. Given 
the life cycle of the malaria parasite (Plasmodium the complex interplay between climate, 
spp.) and the mosquito vector (Anopheles environment, and malaria transmission, addressing 
species)[5]. For instance, temperature affects the these factors presents both challenges and 
development speed of the parasite within the opportunities for Nigeria[8]. Climate variability, 
mosquito, while rainfall and humidity determine the coupled with inadequate infrastructure and 
availability of breeding sites for mosquitoes and resources, complicates malaria control efforts, 
their survival rates [6]. These climatic variables particularly in rural and underserved areas. 
vary significantly across Nigeria’s diverse However, with the integration of climate data into 
geographic regions, contributing to differences in malaria control strategies, the adoption of climate- 
malaria transmission intensity and seasonality[3]. smart interventions, and increased community 
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engagement, Nigeria has the potential to 
significantly reduce malaria transmission and move 
closer to the goal of malaria elimination. This review 
explores the role of climate and environmental 


Alberta 
factors in malaria transmission in Nigeria, 
highlighting the challenges they present and 
discussing potential strategies to mitigate their 
impact in the context of a changing climate. 


CLIMATE FACTORS AND MALARIA TRANSMISSION 
Temperature 


Temperature is a critical factor influencing the 
development of the malaria parasite, Plasmodium 
spp, within the mosquito vector[9]. The 
development of the parasite, known as the extrinsic 
incubation period (EIP), is temperature-dependent. 
Optimal temperatures for the EIP range between 
25°C and 30°C. Temperatures below this range slow 
down parasite development, while temperatures 
above it can shorten the EIP but may also reduce 


Rainfall 


Rainfall is another critical determinant of malaria 
transmission, as it creates breeding sites for 
anopheles mosquitoes.[9] The availability of 
standing water is essential for the development of 
mosquito larvae. In Nigeria, the rainy season, which 
typically lasts from April to October, corresponds 
with peak malaria transmission periods. The 
distribution of rainfall in Nigeria is highly variable, 


mosquito survival rates[10]. Nigeria experiences a 
wide range of temperatures across its various 
regions, from the cooler highlands to the hot and 
humid coastal areas. In northern Nigeria, where 
temperatures can exceed 40°C during the dry 
season, malaria transmission may be limited by 
reduced mosquito survival. Conversely, in the 
southern regions with more moderate temperatures, 
malaria transmission can occur year-round. 


with the southern regions receiving more consistent 
and heavier rainfall than the northern regions. In the 
north, where rainfall is sparse and seasonal, malaria 
transmission is often restricted to the rainy 
season[11, 12]. However, in the south, where 
rainfall is more abundant, transmission can occur 
throughout the year. 


Humidity 


Humidity influences mosquito survival and activity. 
High humidity levels, typically found in tropical and 
coastal regions, extend the lifespan of mosquitoes, 
thereby increasing the likelihood of malaria 
transmission. Low humidity, on the other hand, can 
lead to desiccation of mosquitoes and reduce their 


survival.[13, 14] Nigeria's southern regions, 
characterized by high humidity, provide favorable 
conditions for mosquito survival and malaria 
transmission. In contrast, the arid northern regions, 
with lower humidity, may experience reduced 
transmission during the dry season[ 15, 16]. 


ENVIRONMENTAL FACTORS AND MALARIA TRANSMISSION 
Land Use and Agricultural Practices 


Changes in land use, such as deforestation, 
urbanization, and agricultural expansion, can 
significantly impact malaria transmission. 


Deforestation, for instance, can create new breeding 
sites for mosquitoes by altering water drainage 
patterns and increasing the availability of standing 
water. Agricultural practices, such as irrigation, can 
also contribute to the creation of mosquito breeding 


habitats. 17, 18] In Nigeria, the expansion of 
agricultural activities, particularly in rural areas, has 
been associated with increased malaria transmission. 
The introduction of large-scale irrigation projects, 
such as those for rice farming, has created ideal 
breeding conditions for anopheles mosquitoes, 
leading to localized increases in malaria cases. 


Urbanization and Population Growth 


Rapid urbanization and population growth in 
Nigeria have led to the expansion of informal 
settlements with inadequate drainage and sanitation 
infrastructure[19]. These conditions promote the 
accumulation of stagnant water, providing breeding 
grounds for mosquitoes. Urban malaria is becoming 


an increasing concern in Nigeria, particularly in 
cities like Lagos and Abuja. The proliferation of 
peri-urban areas with poor housing and water 


Ecological Changes 


Ecological changes, including the modification of 
natural landscapes and climate change, have far- 
reaching effects on malaria transmission. Climate 
change, in particular, is expected to alter the 
geographic distribution of malaria, potentially 
expanding its range into previously low-risk areas. 
In Nigeria, climate change may lead to shifts in 
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management exacerbates the risk of malaria 
transmission in these densely populated 
environments[20]. 

malaria transmission patterns, with increased 


transmission in highland areas that were previously 
too cool for anopheles mosquitoes. Additionally, 
changes in rainfall patterns could lead to more 
frequent and intense outbreaks in regions where 
malaria was previously under control[21]. 
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CHALLENGES IN MALARIA CONTROL 
Climate Variability and Uncertainty 


The unpredictability of climate patterns poses a 
significant challenge to malaria control efforts. 
Changes in temperature, rainfall, and humidity can 
lead to sudden and unexpected increases in malaria 
transmission, complicating efforts to plan and 
implement control measures. In Nigeria, the 


variability in climate across different regions makes 
it difficult to adopt a one-size-fits-all approach to 
malaria control. Tailored strategies that consider 
local climatic conditions are essential for effective 
intervention[22 ]. 


Inadequate Infrastructure and Resources 


The lack of adequate infrastructure for water 
management, drainage, and waste disposal in many 
parts of Nigeria exacerbates the problem of 
mosquito breeding. Limited access to healthcare 
services, particularly in rural areas, further hinders 
the effective management of malaria cases. 


Strengthening infrastructure and healthcare systems 
is crucial for reducing the burden of malaria in 
Nigeria. This includes improving access to 
diagnostic tools, treatment, and preventive measures 
such as insecticide-treated nets (ITNs) and indoor 
residual spraying (IRS)[237]. 


Resistance to Insecticides and Antimalarials 


The emergence of resistance to insecticides used in 
vector control and to antimalarial drugs poses a 
significant threat to malaria control efforts. In 
Nigeria, resistance to pyrethroid insecticides, which 
are commonly used in ITNs, has been 
documented.[24] Addressing resistance requires 


ongoing surveillance and the development of new 
tools and strategies for malaria control, including 
the use of alternative insecticides and the 
introduction of novel vector control methods such as 
larval source management and genetic modification 
of mosquitoes. 


PROSPECTS FOR MALARIA CONTROL IN THE CONTEXT OF CLIMATE AND ENVIRONMENTAL 
CHANGES 
Integrated Vector Management (IVM) 


Integrated Vector Management (IVM) is a 
comprehensive approach that combines multiple 
vector control strategies tailored to local conditions. 
IVM includes the use of ITNs, IRS, larval source 
management, and environmental management to 


reduce mosquito breeding sites. In Nigeria, the 
adoption of IVM could enhance the effectiveness of 
malaria control efforts by addressing the diverse 
environmental and climatic conditions across the 
country[25, 26]. 


Climate-Smart Malaria Control 


Climate-smart malaria control involves the 
integration of climate data into malaria control 
planning and decision-making. By incorporating 
climate forecasts and early warning systems, public 
health authorities can anticipate and respond to 
changes in malaria transmission patterns. Nigeria 


could benefit from the development of climate-smart 
strategies that enable proactive responses to climate- 
related changes in malaria risk. This approach would 
require collaboration between meteorological 
services, public health agencies, and local 
communities [27 ]. 


Community Engagement and Education 


Engaging communities in malaria control efforts is 
essential for ensuring the success and sustainability 
of interventions. Community education on the 
importance of environmental management, such as 
proper waste disposal and the elimination of 
stagnant water, can reduce mosquito breeding sites. 


In Nigeria, community-based initiatives that 
promote environmental cleanliness and the use of 
preventive measures, such as ITNs, could 
significantly reduce malaria transmission at the local 


level[28]. 


CONCLUSION 


The role of climate and environmental factors in 
malaria transmission in Nigeria is complex and 
multifaceted. These factors present both challenges 
and opportunities for malaria control in the country. 
As Nigeria continues to grapple with the burden of 
malaria, it is essential to develop and implement 


strategies that are adaptive to the diverse climatic 
and environmental conditions across the country. By 
integrating climate data, improving infrastructure, 
and engaging communities, Nigeria can make 
significant strides in reducing the impact of malaria 
and achieving its goal of malaria elimination. 
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